The effects of thyroid hormn-one on guinea pig imiyocardial NaK-ATPase activity, transmemnbranie imion-ovalenit cationi active transport, and cardliae glycosi(le binlding were examined. NaKATPase activities of left atrial anid left ventricular homiogeniates of control and triiodothyronine (T3)-treated animiials were determinecl, and compared to activities of skeletal mluisele and( liver. T3 administrationi was associated withl a significanit increase of 18% in left atrial and left ventricular NaK-ATPase specific activities. This increment was less than that notedI in skeletal mltusele (+42%) and liver (+30%). To (letermiinle if enhanicedl NaK-ATPase activity was accomiipanied by increased monovalent cation active tranisport, in vitro 86Rb+ uptake by left atrial strips and hemiidliaplhragmiis was measured. Transition from the euthyroid to the hyperthyroid state resulted in a 68% increase in active 86Rb+tuptake by left atrium, and a 62% increase in active uiptake by (liaphragm. Passive 86Rb+ uiptake was nlot affected in either tissue.
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Ouabain binding by atrial and ventricular homogeniates of T3-treated animials was increased by 19 and 17%, respectively, comppared to controls, in close agreemiient with thyroid-induced increments in NaKATPase activity. Taken together, these results are consistenit with enhanced myocardial NaK-ATPase activity and imonovalent cation active transport due to an increase in the number of finctional enzyme complexes. INTRODUCTION Recent sttudies indicate that thyroid state has an important influience on imembrane monovalent cation active transport systemiis of thyroid-responsive tissues (1) . Administration ofthyroid hormone to euthyroid and thyroidectomized rats results in significant increases in sodium-and potassium-activated adenosine triphosphatase (NaK-ATPase)1 activity of liver, kidney, and skeletal mnuscle (1, 2) . The enhanced enzymatic activities of liver and skeletal mutscle are accompanied by diminiished initracelltular Na+ and increased intracelltular K+, while seruim electrolyte concentrations are uinichanged, suggesting that transmembrane monovalent cation active transport is augmented in these tisstues (3) . Additional data suggest that the increased energy requiired for this increment in active cation transport may account for a substantial portion of the increase in tisstue oxygeni consumption associated with hyperthyroidism (1, 2) .
Although the heart is generally recognized as one of the major target organs of thyroid hormone (4), the extent to which thyroid state may influence the myocardial monovalent cation active transport system has not been investigated systematically. Present understanding of the myocardial NaK-ATPase enzyme complex ascribes to it two important functions. Convincing evidence is now available that NaKATPase represents the enzymatic equivalent of the membrane transport mechanism responsible for the maintenance of normal sodium and potassium gradients (5). Additionally, it binds cardiac glycosides with high affinity and specificity, and may serve as the pharmacologic receptor for digitalis (6) . We have therefore evaluated the effects of thyroid hormone on myocardial NaK-ATPase activity, monovalent cation transport, and cardiac glycoside binding. Because of possible differences in thyroid responsiveness of atrial and ventricular myocardium, these tissues were analyzed independently and compared to alterations in liver and skeletal muscle. Preparation of tissue homogenates. 24 h after the final injection animals were sacrificed by cervical dislocation, and the heart, liver, and diaphragm rapidly removed and placed on ice. The entire left atrium was dissected from the left ventricle, and 100-mg samples of the anterolateral left ventricular wall, liver, and diaphragm were freed of connective tissue and fat. The tissues were transferred to a 2.0-ml ground-glass hand-operated homogenizer, and were homogenized with 20 strokes in 1.5-2.0 ml of buffer containing sucrose (0.25 M), EGTA (1.25 mM), and Tris (10 mM), pH 7.0. All of these procedures were carried out at 0-4°C.
METHODS
Protein concentrations of the homogenates were determined by the method of Lowry et al. (7) . All assays were performed in triplicate, with bovine serum albumin as standard.
NaK-ATPase assay. Assays were performed in a total vol of 1.0 ml containing 100 mM NaCl, 10 mM KCI, 50 mM Tris, 1 mM Na2EDTA, 5 mM MgCl2, 2.5 mM Na2ATP, pH 7.4, and 125-500 ,ug enzyme protein. The quantity of homogenate used was adjusted so that less than 15% of the total ATP present was hydrolyzed during the incubation period. Sodium azide (5 mM) was also present to inhibit mitochondrial regeneration of ATP (1) , and to reduce background activity by inhibiting other nonouabain inhibitable ATPases such as mitochondrial ATPase (8) . Each homogenate was assayed in triplicate with matched tubes containing 1 mM ouabain. After a 3-min preincubation period, reactions were initiated by the addition of ATP and allowed to proceed for 10 min at 37°C. They were terminated by addition of 1.0 ml ice-cold 10% trichloroacetic acid and centrifugation at 2,600 g for 20 min. Aliqtuots of the suipernatant phase were assayed for inorganic phosphate by the method of Fiske and Subbarow (9) . NaK-ATPase activity was calculated as the difference between micromoles Pi released per milligram protein per hour for reactions proceeding in the presence and absence of ouabain.
Rubidium transport studies. Monovalent cation active transport in left atrial myocardium and diaphragm was assessed by measuring Rb+ uptake in vitro as previouslv described (10) . Paired hemiatria and hemidiaphragms (without ribs) from control and T3-treated animals were incubated for 15 min at 30°C in Krebs-Ringer bicarbonate buffer (preoxygenated with 95% 02-5% CO,), with or without 0.1 mM ouabain. RbCl (0.1 mM) containing 106 dpm/ml 86Rb+ was present in all vials. Tisstue radioactivity was determined by counting of Cerenkov radiation for 1 min in a li(quid scintillation counter at 25°C. The tissues were immediately returned to the incubationi vials for an additional 30 min, recounted, blotted, and weighed.
Active Rb+ uptake was calculated at 15 and 45 min of incubation by subtracting uptake in the presence of 0.1 mM ouabain (passive uptake) from uptake in the absence of ouabain. Uptake was expressed as nanomiioles Rb+ Table I . T3 administration was associated with anl 18% mean increase in NaK-ATPase specific activity of both atrial and ventricuilar myocarditumii. The differences between control and hyperthyroid grouips were statistically significant for both tissuies (P < 0.005). There was no significant difference in protein content of atrial or ventricuilar myocardium-n (milligram/milliEffect of Thyroid on Myocardial Moniovalentt Cationt Transportgram wet weight) between control and T3-treated groups (Table I) .
To compare the effect of T3 on liver and skeletal muscle NaK-ATPase in the guinea pig to previous results in the rat (2, 3), NaK-ATPase activities of liver and diaphragm were determined. These data, shown in Table I , indicate a 30% increase in hepatic enzyme activity of hyperthyroid animals compared to controls (P < 0.001), and a 42% increase in skeletal muscle activity (P < 0.025).
Effect of T3 on myocardial monovalent cation transport. Active and passive Rb+ uptake by left atria and diaphragms of control and hyperthyroid animals are shown in Table I and Figs. 1A and B. Rb+ active transport was increased 68% above control in left atria, and 62% above control in diaphragms of T3-treated animals (P < 0.005 for both tissues). However, there was no significant difference in passive Rb+ uptake between control and T3-treated groups.
Effect of T3 on myocardial ouabain binding in vitro.
To obtain information bearing on the mechanism of thyroid-induced enhancement of NaK-ATPase activity and monovalent cation active transport, [3H]ouabain binding studies were performed on myocardial homogenates of euthyroid and thyrotoxic animals. The results of these studies are summarized in Table I (n = 15) (n = 14) (n = 20) (n = 17) (n = 5) (n = 4) (n = l0) (nl = 8)
Ouabain binding, (n = 8) (n = 10) (n = 5) (n = 6) Guinea pigs were treated with three 1.3 mg/kg i.p. doses of T3 over a period of 5 days (+T3). Controls (-T3) received diluent injections on the same schedule. Assays were performed as outlined in the Methods section, and the results are given as the mean +lSE. * A% represents percent change in T3-treated groups compared to controls. Significant differences by Student's t test are indicated by symbols. 4 P < 0.005. § P < 0.025. 
